CONTROL APPARATUS AND METHOD FOR FOUR WHEEL DRIVE VEHICLE 

BACKGROUND OF THE INVENTION 

1, Field of the Invention 

5 The present invention relates to a control apparatus 

for a four wheel drive vehicle having a differential 
limiting mechanism on at least either one of a front wheel 
or a rear wheel side and in which a transfer clutch freely 
engageable and disengageable is provided between the front 
10 and rear wheel sides for changing driving wheels. 

2. Related Art 

In general, it is known that a tight corner braking 
phenomenon easily happens to be generated by a 
differential limiting torque in implementing a 

15 differential limiting control according to a difference 
in wheel speeds between left and right wheels unless a 
target differential speed between the left and right 
wheels is set in consideration of the difference in a 
trace of the respective wheels when steering. 

20 On the other hand, for example, JP-A-2001-7 177 6 

discloses the differential limiting of a center 
differential according to the front and rear wheel 
differential . 

In adopting the differential limiting control of 

25 the center differential like the aforementioned related 



1 



art on a vehicle equipped with a mechanical differential 
limiting mechanism on either one of front or rear wheel 
side for the purpose of sporty running, a mechanical 
differential limiting control between the left and right 
5 wheels interferes with the differential limiting control 
of the center differential. Then an unnecessary control 
is implemented at the center differential, whereby there 
may occur a risk that the mechanical differential limiting 
mechanism does not sufficiently actuate or an unexpected 

10 braking phenomenon is generated. 

Namely, in a condition where a slippage of the inside 
wheel while turning is restrained by the mechanical 
differential limiting control between the left and right 
wheels, whereby the speeds of the turning inner and outside 

15 wheels become identical. An excessive driving torque of 
the inside wheel is shifted to the outside wheel, whereby 
there is generated a yaw moment at a front portion of 
the vehicle toward a turning direction, which is desirable 
for a sporty running. However, in this case, this 

20 condition is the regarded as the slippage of the inside 
wheel and the differential limiting control of the center 
differential, the torque distribution to the front and 
rear axles changes vehicle behaviors, this leading to 
the risk that the tight corner braking phenomenon is 

25 generated. 
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SUMMARY OF THE INVENTION 
The present invention was made in view of the 
situations, and an object thereof is to provide a control 
5 apparatus for a four wheel drive vehicle having a 
differential limiting mechanism on at least either one 
of a front wheel side or a rear wheel side which can not 
only prevent unnecessary spins of a inside wheel while 
turning by the differential limiting mechanism between 

10 left and right wheels when a sporty running is being 
performed but also avoid a tight corner braking phenomenon 
which would occur when the vehicle is steered largely 
at a low speed. 

With a view to attaining the object, according to 

15 a first aspect of the present invention, there is provided 
a control apparatus for a four wheel drive vehicle having 
differential limiting unit on at least either one of a 
front wheel or the rear wheel side, the control apparatus 
having the turning condition determining unit for 

20 determining the turning condition of a vehicle, a left 
and right inside wheel actual differential speed 
calculating unit for calculating an actual left and right 
wheel differential speed according to a turning state 
of the vehicle, a target differential speed setting unit 

25 for setting a target left and right wheel differential 
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speed at the differential limiting unit, a differential 
limiting torque calculating unit for setting a 
differential limiting torque based on an information at 
the differential limiting unit at 0, an inside wheel speed 
5 falls below an outside wheel speed by a preset threshold 
value in the turning state and for calculating a 
differential limiting torque based on the information 
at the differential limiting unit based on the target 
left and right wheel differential speed and the actual 

10 left and right wheel differential speed when the inside 
wheel speed exceeds an outside wheel speed by the preset 
threshold value in the turning state, and a front and 
rear wheel differential limiting torque setting unit for 
setting a front and rear wheel differential limiting 

15 torque based on a differential limiting torque based on 
the information which is calculated at the differential 
limiting torque calculating unit. 

In addition, according to a second aspect of the 
present invention, there is provided a control apparatus 

20 for the four wheel drive vehicle as set forth in the first 
aspect of the present invention, wherein the threshold 
value used at the differential limiting torque calculating 
unit to compare the inside wheel speed with the outside 
wheel speed at 0 of the turning state. 

25 Furthermore, according to a third aspect of the 
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present invention, there is provided the control apparatus 
for the four wheel drive vehicle as set forth in the first 
or second aspect of the present invention, wherein in 
the event that the turning state determining unit 
5 determines the turning state of the vehicle substantially 
as a straight running condition, the actual actual left 
and right wheel differential speed calculating unit 
regards an actual left and right wheel differential speed 
at the differential limiting unit as an absolute value 

10 of a left and right wheel differential speed. The 
differential limiting torque calculating unit calculates 
a differential limiting torque based on the information 
at the differential limiting unit and the absolute value 
of the left and right wheel differential speed. 

15 In addition, according to a fourth aspect of the 

present invention, there is provided the control apparatus 
for the four wheel drive vehicle as set forth in any of 
the first to third aspects of the present invention, 
wherein the turning state determining unit determines 

20 a turning state of the vehicle from at least one of a 
lateral acceleration, a yaw rate or a steering angle. 

Furthermore, according to a fifth aspect of the 
present invention, there i s provided the control apparatus 
for the four wheel drive vehicle as set forth in the fourth 

25 aspect of the present invention, wherein the turning state 
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determining unit determines that the vehicle is in 
substantially a straight running state when an absolute 
value of at least one of the lateral acceleration, the 
yaw rate or the steering angle is smaller than a 
5 predetermined value. 

According to a sixth aspect of the present invention, 
there is provided the control method for the four wheel 
drive vehicle having the differential limiting unit on 
at least either one of the front wheel or the rear wheel 

10 side, the control method having steps of: determining 
the turning state of the vehicle; calculating the actual 
left and right wheel differential speed at the 
differential limiting unit according to the turning state 
of the vehicle; setting the target left and right wheel 

15 differential speed at the differential limiting unit; 
setting a differential limiting torque based on the 
information at 0 of the differential limiting unit, in 
the event that at the differential limiting unit, an inside 
wheel speed falls below that of the outside wheel speed 

20 by the preset threshold value in the turning state; 
calculating the differential limiting torque based on 
the information at the differential limiting unit based 
on the target left and right wheel differential speed 
and the actual left and right wheel differential speed, 

25 in the event that the inside wheel speed exceeds the outside 
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wheel speed by the preset threshold value in the turning 
state; and setting the front and rear wheel differential 
limiting torque based on the differential limiting torque 
based on the information at the differential limiting 
5 unit which is calculated at the previous step. 

According to a seventh aspect of the present 
invention, there is provided the control method as set 
forth in the sixth aspect, wherein the threshold value 
used to compare the inside wheel speed with the outside 

10 wheel speed in the turning state 0. 

According to an eighth aspect of the present 
invention, there is provided the control method as set 
forth in the sixth or seventh aspect, wherein in the event 
that the turning state is determined the turning state 

15 of the vehicle substantially as a running straight 
condition, the actual left and right wheel differential 
speed calculating step regards the actual left and right 
wheel differential speed at the differential limiting 
unit as an absolute value of the left and right wheel 

20 differential speed, and the differential limiting torque 
calculating step calculates the differential limiting 
torque based on the information at the differential 
limiting unit based on the target left and right wheel 
differential speed and the absolute value of the left 

25 and right wheel differential speed. 
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According to a ninth aspect of the present invention, 
there is provided the control method as set forth in any 
one of the sixth to eighth aspects, wherein the turning 
state is determined from at least one of the lateral 
5 acceleration, the yaw rate or the steering angle. 

According to a tenth aspect of the present invention, 
there is provided the control method as set forth in the 
ninth aspect, wherein the turning state is determined 
that the vehicle is in substantially the straight running 

10 condition when the absolute value of at least one of the 
lateral acceleration, the yaw rate or the steering angle 
is smaller than the predetermined value. 

Namely, in the four wheel drive vehicle control 
apparatus according to the first or sixth aspect of the 

15 present invention, the turning condition of the vehicle 
is determined with the turning state determining unit, 
the actual left and right wheel differential speed at 
the differential limiting unit provided on at least either 
one of the front wheel side or the rear wheel side is 

20 calculated according to the turning condition of the 
vehicle with the actual left and right wheel differential 
speed calculating unit. The target left and right wheel 
differential speed at the differential limiting unit is 
set with the target differential speed setting unit. Then, 

25 the differential limiting torque that can be obtained 



on the basis of the information at the differential 
limiting unit is set at 0 with the differential limiting 
torque calculating unit in the event that at the 
differential limiting unit, an inside wheel speed falls 
5 below the outside wheel speed by the preset threshold 
value in the turning state, whereas the differential 
limiting torque that can be obtained on the basis of the 
information at the differential limiting unit is 
calculated on the basis of the target left and right wheel 

10 differential speed. The actual left and right wheel 
differential speed with the differential limiting torque 
calculating unit in the event that the inside wheel speed 
exceeds the outside wheel speed by the preset threshold 
value in the turning condition. The front and rear wheel 

15 differential limiting torque setting unit sets the front 
and rear wheel differential limiting torque on the basis 
of a differential limiting torque on the basis of the 
information at the differential limiting unit which is 
calculated with the differential limiting torque 

20 calculating unit. 

Here, as is described in the second or seventh aspect 
of the present invention, the threshold value used at 
the differential limiting torque calculating unit to 
compare the inside wheel speed with the outside wheel 

25 speed in the turning condition is, to be specific 
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(especially) , 0 or the value which results when the inside 
wheel speed and the outside wheel speeds are identical 
(or equal) to each other. 

In addition, as is described in the third or eighth 
aspect of the present invention, in the event that the 
turning state determining unit determines the turning 
condition of the vehicle substantially as the straight 
running condition, the actual left and right wheel 
differential speed calculating unit regards the actual 
left and right wheel differential speed at the 
differential limiting unit as an absolute value of a left 
and right wheel differential speed. The differential 
limiting torque calculating unit calculates a 
differential limiting torque on the basis of information 
at the differential limiting unit on the basis of the 
target left and right wheel differential speed and the 
absolute value of the left and right wheel differential 
speed . 

As is described in the fourth or ninth aspect of 
the present invention, the turning state determining unit 
determines the turning condition of the vehicle from at 
least one of the lateral acceleration, the yaw rate and 
the steering angle. When the absolute value thereof is 
smaller than a predetermined value, as is described in 
the fifth or tenth aspect of the present invention, the 
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vehicle is determined as being in substantially the 
straight running state. 

By providing the control apparatus for the four wheel 
drive vehicle as described heretofore, for example, when 
5 the grip of the inside wheel reaches its limit and the 
inside wheel begins to spin during a sporty running (an 
accelerator pedal is depressed while the vehicle is 
turning) , the driving torque is shifted to the outside 
wheel by the mechanical differential limiting control 

10 between the left and right wheels, and a yaw moment of 
the front portion of vehicle toward a turning direction 
is generated. As this occurs, in case the differential 
limiting torque between the left and right wheels is 
sufficient, since the inside wheel speed falls below that 

15 of the outside wheelbythe predetermined threshold value, 
the differential limiting control of the center 
differential is not implemented. There is caused no risk 
that the differential limiting torque of the center 
differential interferes unnecessarily. On the other 

20 hand, in the case the differential limiting torque between 
the left and right wheels is insufficient, the inside 
wheels rotates much faster than that of the turning outside 
wheels, while the traction performance and the cornering 
performance are both reduced. Since the inside wheel 

25 speed exceeds the outside wheel speed by the threshold 
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value, this is detected to implement the differential 
motion limiting control of the center differential, 
whereby the excessive driving torque is shifted to the 
other driving shaft, thereby making it possible to improve 
the traction performance and the cornering performance. 
In addition, since the inside wheel speed is slower than 
that of the outside wheel in a normal turning state, the 
differential limiting control of the center differential 
is not implemented, whereby the tight corner braking 
phenomenon can be avoided. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig . 1 is a schematic explanatory diagram of a driving 
force transmitting of a vehicle and a differential 
limiting a control unit of a center differential; 

Fig. 2 is a functional block diagram of the 
differential limiting a control unit of the center 
differential ; 

Fig. 3 is the explanatory diagram showing a 
relationship between a target differential speed and an 
actual differential speed when starting and vehicle speed; 

Fig. 4 is the explanatory diagram showing the 
relationship between the differential speed and the 
steering angle; 

Fig. 5 is a flowchart of the differential limiting 
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control of the center differential; and 

Fig. 6 is the flowchart which continues from Fig. 

5. 

DETAILED DESCRIPTION OF THE PREFERRED ENBODIMENTS 
An embodiment of the present invention will be 
describedbelowonthebasisof the accompanying drawings . 

Figs. 1 to 6 show an embodiment of the present 
invention, in which Fig. 1 is a schematic explanatory 
diagram of a driving force transmitting of a vehicle and 
a differential limiting a control unit of a center 
differential; Fig. 2 is a functional block diagram of 
the differential limiting a control unit of the center 
differential; Fig. 3 is the explanatory diagram showing 
a relationship between a target differential speed and 
an actual differential speed when starting and vehicle 
speed; Fig. 4 is the explanatory diagram showing the 
relationship between the differential speed and the 
steering angle; Fig. 5 is a flowchart of the differential 
limiting control of the center differential; and Fig. 
6 is the flowchart which continues from Fig. 5. 

In Fig. 1, reference numeral 1 denotes an engine 
placed at a front part of a vehicle, and a driving force 
generated by the engine 1 is transmitted to a center 
differential 3 from an automatic transmission (shown as 
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including a torque converter) behind the engine 1 by an 
output shaft 2a. Then, the driving force, which exits 
the center differential 3 toward a rear wheel side, is 
then inputted into a final differential 7 via a rear drive 
5 shaft 4, apropeller shaft 5 and a driving pinion 6 , whereas 
the driving force which is directed toward a front wheel 
side is inputted into a front differential 11 via a transfer 
drive gear 8, a transfer driven gear 9, and a front drive 
shaft 10 which constitutes a drive pinion shaft portion. 

10 Here, the automatic transmission 2, the center 
di f f eren t ial 3 and the front final differential 11 are 
provided together within a case 12. 

The driving force inputted into the rear final 
differential 7 is transmitted to a left rear wheel 14RL 

15 by a rear wheel left drive shaft 13RL, while the force 
is transmitted to a rear right wheel 14RR by a rear wheel 
right drive shaft 13RR. In addition, the driving force 
inputted into the front final differential 11 is 
transmitted to a left front wheel 14FL by a front wheel 

20 drive left shaft 13 FL, while the force is transmitted 
to a right front wheel 14FR by a front wheel right drive 
shaft 13FR. 

A first sun gear 15 is formed on the output shaft 
2a of the center differential 3, and the first sun gear 
25 15 meshes with a first pinion 16, whereby a first gear 
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train is constituted* 

In addition, a second sun gear 17 is formed on the 
rear drive shaft 4 which outputs the driving force toward 
the rear wheels, and the second sun gear 17 meshes with 
a second pinion 18, whereby a second gear train is 
constituted . 

The first pinion 16 and the second pinion 18 are 
formed integrally on pinion members 19, respectively, 
and a plurality (for example, three) of the pinion members 

19 are rotatably supported on a fixed shaft provided on 
a carrier 20. Then, the transfer drive gear 8 is coupled 
to a front end of the carrier 20 for output to the front 
wheel s . 

Additionally, the output shaft 2a is rotatably 
inserted into the carrier 20 from the front, whereas the 
rear drive shaft 4 is rotatably inserted into the carrier 

20 from the rear, and the first sung gear 15 and the second 
sun gear 17 are installed in a middle space within the 
carrier 20. Then, the respective first pinions 16 and 
second pinions 18 on the plurality of the pinion members 
19 mesh with the first sun gear 15 and the second sun 
gear 17, respectively. 

Thus, the first and second pinions 16, 18 and the 
second sun gear 17 which constitute one output side and 
the carrier 20 of the first and second pinions 16, 18 
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which constitutes the other output side mesh with the 
first sun gear 15 which constitutes an input side, whereby 
a composite planetary gear having no ring gear is formed. 
The composite planetary type center differential 
5 3 provides a differential function by setting the numbers 
of teeth of the first and second sun gears 15, 17 and 
the plurality of first and second pinions 16, 18 found 
on a periphery of the sun gears 15, 17. 

Furthermore, a basic torque distribution is made 

10 to be a desired (or an optimum) distribution (for example, 
an uneven torque distribution in which the driving torque 
is distributed heavily on the rear wheels 14L&R) by setting 
an appropriately meshing pitch radii of the first and 
second pinions 16, 18 with the first and second sun gears 

15 15, 17, respectively. 

The center differential 3 allows a thrust load to 
remain without being cancelled by using, for example, 
helical gears for the first and second sun gears 15, 17 
and the first and second pinion gears 16, 18, and allowing 

20 helix angles of the first gear train and the second gear 
train to differ from each other. Furthermore, friction 
torques generated at ends of the pinion member 19 are 
set such that the friction torques are separated to the 
surface of the first and second pinions 16, 18 and a fixed 

25 shaft provided on the carrier 20 through meshing and are 
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generated when a resultant force of tangential loads is 
applied. Thus, by allowing a differential limiting 
torque proportional to an input torque to be obtained, 
the center differential 3 is also allowed to provide a 
5 differential limiting function. 

Moreover, a center differential clutch (a transfer 
clutch) 21 which adopts a hydraulic multiple disc clutch 
as clutch means is provided between the two output members 
or the carrier 20 and the rear drive shaft 4 of the center 

10 differential 3 for changing the distribution of the 
driving force between the front and rear wheels 1 4 FL , FR, RL 
and RR. Then, a torque distribution between the front 
and rear wheels is allowed to be controlled to change 
within a range from a four wheel drive in which the front 

15 and rear axles are directly coupled with a torque 
distribution ratio of 50/50 to a torque distribution ratio 
(of, for example, 35/65 front and rear) provided by the 
center differential 3 by controlling the engagement force 
of the transfer clutch 21. 

20 The transfer clutch 21 is connected to a center 

differential clutch driving unit 41 including a hydraulic 
circuit incorporating therein a plurality of solenoid 
valves, whereby the transfer clutch 21 is disengaged and 
engaged by a hydraulic pressure generated by the center 

25 differential clutch driving unit 41. Then, control 
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signals (output signals directed to the respective 
solenoid valves) for driving the center differential 
clutch driving unit 41 are outputted from a differential 
limiting control unit 40 of a center differential, which 
5 will be described later on. 

On the other hand, the rear final differential 7 
includes a bevel gear type differential mechanism unit 
22 and a rear differential clutch 23 as a differential 
limiting unit which adopts a hydraulic multiple disc 

10 clutch for limiting a differential motion between the 
left and right wheels 14FL&14FR, or 14RL&14RR. The rear 
differential clutch 23 is provided between a differential 
case 25 to which a ring gear 24 with which a drive pinion 
6 meshes is fixed and a rear wheel right drive shaft 13RR. 

15 In addition, being substantially in a similar manner 

to that of the rear final differential 7, the front final 
differential 11 includes a bevel gear type of a 
differential mechanism unit 26 and a front differential 
clutch 27 as a differential limiting unit which adopts 

20 a hydraulic multiple disc clutch for limiting the 
differential control between the left and right wheels. 
The front differential clutch 27 is provided between a 
differential case 29 to which a ring gear 28 with which 
a drive pinion of the front drive shaft 10 meshes is fixed 

25 and a front wheel right drive shaft 13FR. 
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Parameters required for the control are inputted 
into the differential limiting control unit 40 of the 
center differential from respective sensors, as will be 
described later on. 
5 Namely, wheel speeds of the respective wheels 14FL, 

14FR, 14RL, 14RR are detected by wheel speed sensors 31FL, 
31FR, 31RL, 31RR, respectively, and are then inputted 
into the differential limiting control unit 40 of the 
center differential. In addition, a steering wheel angle 

10 sensor 32 for detecting a steering wheel angle and a lateral 
acceleration sensor 33 for detecting a lateral 
acceleration applied to the vehicle are provided on the 
vehicle, and a steering angle and a lateral acceleration 
which are detected by the sensors 32, 33 are inputted 

15 into the differential limiting control unit 40 of the 
center differential. 

The differential limiting control unit 40 of the 
center differential includes a micro computer and circuits, 
and, as shown in Fig. 2, mainly includes a vehicle speed 

20 calculating unit 40a, the turning condition determining 
unit 4 0b, an actual front left and right wheel differential 
speed calculating unit 40c, a target differential speed 
setting unit 40d, a differential speed deviation 
calculating unit 40e, a control initiating differential 

25 speed setting unit 40f, a control initiating condition 
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determining unit40g, a first differential limiting torque 
calculating unit 40h, a second differential limiting 
torque calculating unit 40i, a differential limiting 
torque calculating unit 40 j, an actual left and right 
5 wheel differential speed calculating unit 40k, a rear 
wheel differential speed deviation calculating unit 401, 
a control initiating condition determining unit 40m, a 
first rear wheel differential limiting torque calculating 
unit 4 On, a second rear wheel differential limiting torque 
10 calculating unit 40o, a rear-wheel differential limiting 
torque calculating unit 40p, and a front and rear wheel 
differential limiting toque calculating unit 40q. 

Wheel speeds cofl, cofr, corl, oorr of the respective 
wheels 14FL, 14FR, 14RL, 14RR are inputted into the vehicle 

15 speed calculating unit 40a from the wheel speed sensors 
or the respective wheel speed sensors 31FL, 31FR, 31RL, 
31RR. The vehicle speed calculating unit 40a calculates 
a vehicle speed V by calculating, for example, an average 
value of the wheel speeds so inputted and output the vehicle 

20 speed so calculated to the target differential speed 
setting unit 40d and the control initiating differential 
speed setting unit 40f. 

A lateral acceleration signal is inputted into the 
turning state determining unit 40b from the lateral 

25 acceleration sensor 33, and when an absolute value of 
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the lateral acceleration is smaller than a predetermined 
value which has been set in advance. The vehicle is 
determined as being in substantially the straight running 
state, whereas when the absolute value is any other value 
5 than the predetermined value, for example, when the 
lateral acceleration is a positive value, the vehicle 
is determined as being in a left turning state. When the 
lateral acceleration is a negative value, the vehicle 
is determined as being in a right turning state. Namely, 

10 the turning state determining unit 40b is provided as 
the turning condition determining unit, and the turning 
condition of the vehicle so determined is then outputted 
to the actual front wheel differential speed calculating 
unit 40c and the actual rear wheel differential speed 

15 calculating unit 40k. Note that the turning state of the 
vehicle can be determined through other parameters such 
as a yaw rate and a steering angle, and the turning state 
of the vehicle may be determined thereby. 

Wheel speeds ©fl, oofr of the left and right front 
20 wheels 14FL, 14FR and the turning condition of the vehicle 
are inputted into the actual left and right wheel 
differential speed calculating unit 40c from the wheel 
speed sensors 31 FL, 31FRoftheleft and right front wheels 
and the turning state determining unit 40b, respectively. 
25 The actual left and right wheel differential speed 
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calculating unit 40c then calculates an actual 

differential speed AoFt between the left front wheel 14FL 
and the right front wheel 14FR according to the turning 
condition of the vehicle by using any of the following 
5 equations (1), (2), and (3). 

When turning right . . . A©Ft=cof r-of 1 . . . (1) 
When turning left . . . AcoFt=cof l-of r . . . (2) 
When running substantially straight 

. . . A©Ft = | of r-cof 1 | ... (3) 

10 Note that the actual differential speeds AcoFt obtained 
by equations (3) and (4) become negative values, since 
the wheel speed of the outside wheel becomes faster than 
the wheel speed of the inside wheel in a state in which 
there is occurring no slippage on both the left and right 

15 front wheels. 

Namely, the actual left and right wheel differential 
speed calculating unit 40c is provided as the actual left 
and right wheel differential speed calculating unit for 
the front wheel, and an actual differential speed AoFt 

20 calculated by the actual left and right wheel differential 
speed calculating unit 40c is then outputted to the 
differential speed calculating unit 40e and the control 
initiating condition determining unit 40g. 

A vehicle speed V is inputted into the target 

25 differential speedsettingunit 40d from the vehicle speed 
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calculating unit 40a. The target differential speed 
setting unit 40d calculates, for example, a target 

differential speed Acot according to the vehicle speed 
V by referring to a map of the vehicle speed and the target 
5 differential speed which have been obtained in advance 
from experiments and calculations. 

This map of the vehicle speed and the target 

differential speed Acot is set as shown in, for example, 
Fig. 3. The target differential speed is set in advance 

10 on the basis of the specifications of the vehicle so as 
to decrease gradually as the vehicle speed V increases 
while referring to various kinds of errors generated 
during actual runnings. 

A target differential speed Acot set at the target 

15 differential speed setting unit 40d is outputted to the 
differential speed deviation calculating unit 40e and 
the differential speed deviation calculating unit 401. 
Namely, the target differential speed setting unit 40d 
is provided as a target differential speed setting unit 

20 for the front wheel side and the rear wheel side. In 

addition, while the same target differential speed Acot 
is described as being used both on the front wheel side 
and the rear wheel side in this embodiment, different 
values may be set for the front wheel side and the rear 
25 wheel side, respectively, depending on the speci f ications 
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of the vehicle. In this case, a target differential speed 
corresponding to the front wheel side is outputted to 
the differential speed deviation calculating unit 40e, 
and a target differential speed corresponding to the rear 
5 wheel side is outputted to the differential speed 
deviation calculating unit 401. 

An actual differential speed AcoFt between the left 
front wheel 14FL and the right front wheel 14FR according 
to the turning condition and the target differential speed 

10 Acot are inputted into the differential speed deviation 
calculating unit 40e from the left and right wheel 
differential speed calculating unit 40c and the target 
differential speed setting unit 40d, respectively. The 
differential speed deviation calculating unit 40e then 

15 calculates a deviation (differential speed deviation ) 

sFt between the actual and target differential speeds from 
the following equation (4) and outputs a deviation so 
calculated to the first differential limiting torque 
calculating unit 40h and the second differential limiting 

20 torque calculating unit 40i. 

EFt=A©Ft-Acot ... (4) 

A vehicle speed V is inputted into the control 
initiating differential speed setting unit 40f from the 
vehicle speed calculating unit 40a. The control 

25 initiating differential speed setting unit 40f then 
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calculates a control initiating differential speed Acqs 
according to the vehicle speed from the map of the vehicle 

speed and control the initiating differential speed Acqs 
which have been obtained in advance from the experiments 
5 and calculations or a set value. 

This control initiating differential speed Acos is 
a smaller value than the target differential speed Acot 
and is, as will be described later on, a threshold value 
which determines a permissible tolerance of difference 
10 in speed between the inside wheel and the outside wheel 
before the center differential implements a differential 
limiting control even when the wheel speed of the inside 
wheel becomes larger than that of the outside wheel . When 

the control initiating differential speed Acos is set at, 
15 for example, 0, in the event that the wheel speed of the 
inside wheel becomes larger than the wheel speed of the 
outside wheel, the center differential starts a 
differential limiting control without any delay. Then, 

when the control initiating differential speed Acos is 
20 not set at 0, the map of the vehicle speed and control 

initiating differential speed Acos is set such as shown 
in, for example, Fig. 3. The control initiating 

differential speed Acos is set in advance on the basis 
of the specification of a vehicle so as to decrease 
25 gradually as the vehicle speed V increases in 
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consideration of various kinds of errors occurring during 
the actual runnings . 

In addition, in this embodiment, a steering wheel 
angle is inputted into the control initiating differential 
5 speed setting unit 40f from the steering wheel angle sensor 
32, so that a set control initiating differential speed 

Acos can be corrected further by the steering angle for 
an accurate setting. This correction by the steering 
angle is performed by a characteristics map, for example, 

10 as shown in Fig. 4, and the larger the steering angle 
becomes, the more largeer the control initiating 
differential speed Acos is corrected. 

Thus, the control initiating differential speed Acos 
so set at the control initiating differential speed 

15 setting unit 40f is then outputted to the control 
initiating condition determining unit 40g and the control 
initiating condition determining unit 40m. While the 
same control initiating differential speed Acos is 
described as being used both on the front wheel side and 

20 the rear wheel side in this embodiment, it may be possible 
to set different values individually on the front wheel 
side and the rear wheel side. As this occurs, a control 
initiating differential speed corresponding to the front 
wheel side are outputted to the control initiating 

25 condition determining unit 40g and a control initiating 
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differential speed corresponding to the rear wheel side 
is outputted to the control initiating condition 
determining unit 40m. 

An actual differential speed A©Ft between the left 
5 front wheel 14FL and the right front wheel 14FR according 
to the turning condition and the control initiating 

differential speed Acos are inputted into the control 
initiating condition determining unit 40g from the left 
and right wheel differential speed calculating unit 40c 

10 and the control initiating differential speed setting 
unit 40f, respectively. The control initiating 
condition determining unit 40g then compare the inputs 
to determine whether or not the condition is established 
to implement the differential limiting control of the 

15 center differential. 

Namely, the control initiating condition 
determining unit 40g determines whether or not the actual 
differential speed AcoFt between those of the left front 
wheel 14FL and the right front wheel 14FR according to 

20 the turning condition is smaller than that of the control 
initiating differential speed Acos. Then, in the event 
that the actual differential speed A© Ft is smaller than 
the control initiating differential speed Acos, the front 
wheel control initiating condition determining unit 40g 

25 determines that the speed of the inside wheel does not 
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exceed the speed of the outside wheel more than that of 
the permissible extent and that a sufficient control is 
implemented by the front differential clutch 27. Then 
the control initiating condition determining unit 40g 
5 determines that the condition has not been established 
to implement the differential limiting control of the 
center differential so as to prevent an unnecessary 
involvement of the differential limiting control of the 
center differential, 

10 On the contrary, in the event that the actual 

differential speed AcoFt is equal to or larger than the 
control initiating differential speed Acqs, the control 
initiating condition determining unit 4 Og determines that 
the speed of the inside wheel exceeds the speed of the 

15 outside wheel more than that of the permissible extent 
and that a sufficient control is not being implemented 
by the front differential clutch 27 due to a shortage 
of the differential limiting torque between the left and 
right wheels. The control initiating condition 

20 determining unit 40g then causes the center differential 
to implement the differential limiting control so as to 
shift an excessive driving force to the other driving 
shaft and determines that the condition to implement the 
differential limiting control of the center differential 

25 has been established so as to improve both the traction 
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performance and the cornering performance. 

Thus, the results of the determination carried out 
by the control initiating condition determining unit 40g 
are then outputted to the first differential limiting 
5 torque calculating unit 40h and the second differential 
limiting torque calculating unit 40i. 

A differential speed deviation eFt and a result of 
the determination of the condition to implement the 
differential limiting control of the center differential 

10 are inputted into the first differential limiting torque 
calculating unit 40h from the differential speed deviation 
calculating unit 40e and the control initiating condition 
determining unit 40g, respectively. The first 

differential limiting torque calculating unit 40h then 

15 calculates, for example, a first differential limiting 
torque TsmcFt as shown below. 

SFt=eFt+kiFt -J (eFt) dt ... (5) 

(however, the integration range is from 0 to t) 
where, kiFt is an integral term gain, 
20 x=kwFt-jwFt- (dsFt /dt) 

+TsgFt • (sFt/ ( IsFt |+6Ft) ... (6) 
where, kwFt is a differential term gain, jwFt an inertial 

term, TsgFt a switching gain, 5Ft a constant which makes 
the differential limiting force continuous in order to 
25 prevent chattering. 
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Then, in the event of x>0, the first differential 
limiting torque is given as TsmcFt=x, and in the event 

of x^O, assume that the first differential limiting torque 
is given as TsmcFt = 0. Then, referring to the results of 
5 the determination of a condition to implement the 
differential limiting control of the center differential 
sent from the control initiating condition determining 
unit 40g, in the event that the control initiating 
condition is not established when A(oFt<AG)s , even if 
10 TsmcFt=x, TsmcFt=0 is given and resetting is implemented 
to give J(eFt)dt = 0 (where, the integral range is from 0 
to t) . 

Namely, as has been described above, in the event 
that the actual differential speed AcoFt between the left 
15 front wheel 14FL and the right front wheel 14FR according 
to the turning condition is smaller than that of the control 

initiating differential speed Aos, it is determined that 
the speed of the inside wheel does not exceed the speed 
of the outside wheel more than that of the permissible 

20 extent and that the sufficient control is implemented 
by the front differential clutch 27. The differential 
limiting torque is given as TsmcFt=0 in order to prevent 
unnecessary involvement of the differential limiting 
control of the center differential. Then, as this occurs, 

25 by resetting the integral term /(eFt)dt (where, the 



30 



integral range is from 0 to t) , the integral term is 
prevented from becoming an extraordinarily low value. 
Thus, the first differential limiting torque TsmcFt so 
calculated is then outputted to the differential limiting 
torque calculating unit 40j . 

A differential speed deviation eFt and the result 
of the determination of the condition to implement the 
differential limiting control of the center differential 
are inputted into the second differential limiting torque 
calculating unit 40i from the di fferential speed deviation 
calculating unit 40e and the control initiating condition 
determining unit 40g, respectively. The second 
differential limiting torque calculating unit 40i then 
calculates, for example, a second differential limiting 
torque TpcFt as below. 

Namely, in the event that the differential speed 
deviation eFt is larger than 0, the second differential 
limiting torque TpcFt is given as TpcFt = kpFt • eFt , whereas 
in the event that the differential speed deviation eFt 
is equal to or smaller than 0, the second differential 
limiting torque TpcFt is given as TpcFt=0, where kpFt 
is a proportional term gain. Then, referring to the 
results of the determination of the condition to implement 
the differential limiting control of the center 
differential sent from the control initiating condition 
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determining unit 40g, in the event that the control 
initiating condition is not established when A©Ft<A©s, 
even if TpcFt = kpFt • eFt , TpcFt=0 is given, whereby the 
implementation of the differential limiting control of 
5 the center differential is avoided. The second 
differential limiting torque TpcFt so calculated is then 
output ted to the differential limiting torque calculating 
unit 40j . 

A first differential limiting torque TsmcFt and the 
10 second differential limiting torque TpcFt are inputted 
into the differential limiting torque calculating unit 
40j from the first differential limiting torque 
calculating unit 40h and the second differential limiting 
torque calculating unit 40i, respectively, and the 
15 differential limiting torque calculating unit 40j then 
calculates a differential limiting torque TlsdFt from 
the following equation (7) and outputs a differential 
limiting torque TlsdFt so calculated to the front and 
rear wheel differential limiting torque calculating unit 
20 40q. 

Tl sdFt = T smc Ft + TpcFt ... (7) 

Thus, in this embodiment, the di f f er en t i a 1 1 imi t ing 
torque TlsdFt can be set based on the information at the 
front differential clutch 27, and the differential 
25 limiting torque calculating unit for the front 

32 



differential clutch 27 is made up of the differential 
speed deviation calculating unit 40e, the control 
initiating differential speed setting unit 40f, the 
control initiating condition determining unit 40g, the 
5 first differential limiting torque calculating unit 40h, 
the second differential limiting torque calculating unit 
4 0i, and the differential limiting torque calculating 
unit 40j . 

On the other hand, ©rl, corr of the left and right 
10 rear wheels 14RL, 14RR and the turning condition of the 
vehicle are inputted into the actual left and right wheel 
differential speed calculating unit 40k from the wheel 
speed sensors 31RL, 31RR of the left and right rear wheels 
and the turning state determining unit 40b, respectively. 
15 The actual left and right wheel differential speed 
calculating unit 40k then calculates an actual 

differential speed AcoRr between the left rear wheel 14RL 
and the right rear wheel 14RR according to the turning 
state of the vehicle using any of the following equations 
20 (8) , (9) , and (10) . 

When turning right . . . A©Rr=(or r-cor 1 . . . (8) 
When turning left . . . AcoRr^oorl-corr . . . (9) 
When running substantially straight 

. . . AooRr= | oar r-cor 1 | . . . (10) 
25 Note that actual differential speeds AcoRr obtained by 
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equations (8) and (9) become negative values, since the 
wheel speed of the outside wheel becomes faster than the 
wheel speed of the inside wheel in the state in which 
both the left and right rear wheels do not slip, . 
5 Namely, the actual left and right wheel differential 

speed calculating unit 40k is provided as an actual left 
and right wheel differential speed calculating unit 
corresponding to the rear wheel side, and an actual 

differential speed AcoRr calculated at the actual left 
10 and right wheel differential speed calculating unit 40k 

is then outputted to the differential speed deviation 

calculating unit 401 and the control initiating condition 

determining unit 40m. 

An actual differential speed AcoRr between the left 
15 rear wheel 14RL and the right rear wheel 14RR according 

to the turning condition and a target differential speed 

Aot are inputted into the differential speed deviation 
calculating unit 401 from the left and right wheel 
differential speed calculating unit 40k and the target 
20 differential speed setting unit 40d, respectively. The 
differential speed deviation calculating unit 401 
calculates a deviation (differential speed deviation) 

sRr between the inputs from the following equation (11) 
and then outputs the deviation so calculated to the first 
25 differential limiting torque calculating unit 40n and 
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the second differential limiting torque calculating unit 
40o. 

eRr=AcoRr-A(Dt . . . (11) 

An actual differential speed AcoRr between the left 
5 rear wheel 14RL and the right rear wheel 14RR according 
to the turning condition and a control initiating 

differential speed Aoas are inputted into the control 
initiating condition determining unit 40m from the left 
and right wheel differential speed calculating unit 40k 

10 and the control initiating differential speed setting 
unit 40f, respectively. The control initiating 
condition determining unit 40m then makes the comparison 
between the inputs and determines whether or not the 
condition is established to implement the differential 

15 limiting control of the center differential. 

Namely, the control initiating condition 
determining unit 4 0m determines whether or not the actual 
differential speed AcoRr between the left rear wheel 14RL 
and the right rear wheel 14RR according to the turning 

20 state is smaller than the control initiating differential 
speed Acos. Then, in the event that the actual 
differential speed AcoRr is smaller than the control 
initiating differential speed Acos, the control initiating 
condition determining unit 40m determines that the speed 

25 of the inside wheel does not exceed the speed of the outside 
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wheel more than that of the permissible extent and hence 
that the sufficient control is implemented by the rear 
differential clutch 23. Then the control initiating 
condition determining unit 40m determines that the 
5 condition has not been established to implement the 
differential limiting control of the center differential 
in order to prevent the unnecessary involvement of the 
differential limiting control of the center differential. 
On the contrary, in the event that the actual 

10 differential speed AcoRr is equal to or larger than the 
control initiating differential speed Acos, the control 
initiating condition determining unit 4 0m determines that 
the speed of the inside wheel exceeds the speed of the 
outside wheel more than that of the permissible extent 

15 and hence that the differential limiting torque between 
the left and right wheels 4LL&4LR is so insufficient that 
the sufficient control is not implemented by the rear 
differential clutch 23. Then, the control initiating 
condition determining unit 4 0m causes the center 

20 differential to implement the differential limiting 
control so as to shift the exceeding driving torque to 
the other driving shaft and determines that the condition 
to implement the differential limiting control of the 
center differential has been established in order to 

25 improve the traction performance and the cornering 
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performance . 

Thus, the results of the determination carried out 
at the control initiating condition determining unit 40m 
are then outputted to the first differential limiting 
5 torque calculating unit 40n and the second differential 
limiting torque calculating unit 40o. 

A differential speed deviation eRr and a result of 
a determination of a condition to implement the 
differential limiting control of the center differential 

10 are inputted to the first differential limiting torque 
calculating unit 4 On from the differential speed deviation 
calculating unit 401 and the control initiating condition 
determining unit 40m, respectively. The first 

differential limiting torque calculating unit 40n 

15 calculates, for example, a first differential limiting 
torque TsmcRr as below. 

SRr=eRr+kiRr • J(sRr) dt . . . (12) 

(however, the integration range is from 0 to t) 
where, kiRr is the integral term gain. 
20 x=kwRr-jwRr- (deRr /dt) 

+TsgRr • ( sRr / ( | sRr | +5Rr ) . . . (13) 
where, kwRr is the differential term gain, jwRr the 
inertial term, TsgRr the switching gain, 5Rr the constant 
which makes the differential limiting force continuous 
25 in order to prevent the chattering. 
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Then, in the event of x>0, the first differential 
limiting torque is given as TsmcRr=x, and in the event 

of x^O, the first differential limiting torque TsmcRr 
is given as TsmcRr=0 is given. Then, referring to the 
5 results of the determination of the condition to implement 
the differential limiting control of the center 
differential sent from the control initiating condition 
determining unit 40m, in the event that the control 

initiating condition is not established when AcoRr<Aa)s , 
10 even if TsmcRr=x, TsmcRr=0 is given and the resetting 

is implemented to give J(eRr)dt=0 (where, the integral 
range is from 0 to t) . 

Namely, as has been described above, in the event 
that the actual differential speed AooRr between the left 
15 rear wheel 14RL and the right rear wheel 14RR according 
to the turning condition is smaller than the control 

initiating differential speed Aoas, it is determined that 
the speed of the inside wheel does not exceed the speed 
of the outside wheel more than that of the permissible 

20 extent and that the sufficient control is implemented 
by the rear differential clutch 23. The differential 
limiting torque TsmcRr is given as TsmcRr=0 in order to 
prevent the unnecessary involvement of the differential 
limiting control of the center differential. Then, as 

25 this occurs, by resetting the integral term J(eRr ) dt (where, 



the integral range is from 0 to t) , the integral term 
is prevented from becoming the extraordinarily low value. 
Thus, the first differential limiting torque TsmcRr so 
calculated is then outputted to the differential limiting 
5 torque calculating unit 40p. 

A differential speed deviation eRr and a result of 
the determination of the condition to implement the 
differential limiting control of the center differential 
are inputted into the second differential limiting torque 

10 calculating unit 40o from the differential speed deviation 
calculating unit 401 and the control initiating condition 
determining unit 40m, respectively. The second 
differential limiting torque calculating unit 40o then 
calculates, for example, a second differential limiting 

15 torque TpcRr as below. 

Namely, in the event that the differential speed 
deviation eRr is larger than 0, the second differential 
limiting torque TpcRr is given as TpcRr=kpRr • sRr , whereas 
in the event that the differential speed deviation sRr 

20 is equal to or smaller than 0, the second differential 
limiting torque TpcRr is given as TpcRr=0, where kpRr 
is a proportional term gain. Then, referring to the 
results of the determination of the condition to implement 
the differential limiting control of the center 

25 differential sent from the control initiating condition 
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determining unit 40m, in the event that the control 
initiating condition is not established when AcoRr<Acos, 
even if TpcRr=kpRr ■ eRr , TpcRr=0 is given, whereby the 
implementation of the differential limiting control of 
the center differential is avoided. The second 
differential limiting torque TpcRr so calculated is then 
outputtedto the differential limiting torque calculating 
unit 40p. 

A first differential limiting torque TsmcRr and a 
second differential limiting torque TpcRr are inputted 
into the differential limiting torque calculating unit 
40p from the first differential limiting torque 
calculating unit 40n and the second differential limiting 
torque calculating unit 40o, respectively. The 
differential limiting torque calculating unit 40p then 
calculates a differential limiting torque TlsdRr by the 
rear wheel side from the following equation (14) and 
outputs a differential limiting torque TlsdRr so 
calculated to the front and rear wheel differential 
limiting torque calculating unit 40q. 

Tl sdRr= TsmcRr + TpcRr . . . (14) 

Thus, in this embodiment, the differential limiting 
torque TlsdRr can be set on the basis of the information 
at the rear differential clutch 23, and a differential 
limiting torque calculating unit for the rear differential 
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clutch 23 is made up of the differential speed deviation 
calculating unit 401, the control initiating differential 
speed setting unit 40f , the control initiating condition 
determining unit 40m, the first differential limiting 
5 torque calculating unit 40n, the second differential 
limiting torque calculating unit 4 0o, and the differential 
limiting torque calculating unit 40p. 

A differential limiting torque TlsdFt by the front 
wheel and a differential limiting torque TlsdRr are 

10 inputted into the front and rear wheel differential 
limiting torque calculating unit 40q from the differential 
limiting torque calculating unit 40j and the differential 
limiting torque calculating unit 40p, respectively. A 
larger differential limiting torque of the differential 

15 limiting torques TlsdFt, TlsdRr is determined as a 
differential limiting torque between the front and rear 
wheels and is then outputted to the center differential 
clutch driving unit 41. In other words, the front and 
rear wheel differential limiting torque calculating unit 

20 40q is provided as a front and rear wheel differential 
limiting torque setting unit. 

Next, the flow of a process at the differential 
limiting control unit 40 of the center differential will 
be described by reference to flowcharts shown in Figs. 

25 5 and 6. 



First, in step (hereinafter, simply referred to as 
"S") 101, needed parameters such as the wheel speeds cofl, 
cofr, ©rl, oorr of the respective wheels 14FL, 14FR, 14RL, 
14RR, the steering angle, and the lateral acceleration 
5 are read. 

Next, advance to S102, where the vehicle speed V 
is calculated at the vehicle speed calculating unit 40a, 
advance to S103, where a turning direction of the vehicle 
is determined on the basis of the lateral acceleration 

10 at the turning state determining unit 40b, and advance 
to S104, where a target differential speed Acot according 
to the vehicle speed V is set at the target differential 
speed setting unit 40d by referring to the map of the 
vehicle speed V and the target differential speed Acot. 

15 Next, advance to S105, the control initiating 

differential speed Acos is set at the control initiating 
differential speed setting unit 40f by referring to the 
map of the vehicle speed V and the control initiating 
differential speed Acos and by correcting the steering 

20 wheel angle. 

Next, move to S106, and an actual differential speed 

AcoFt between the left front wheel 14FL and the right front 
wheel 14FR according to the turning condition of the 
vehicle is calculated by using any of the aforesaid 
25 equations (1) , (2) , (3) at the actual left and right wheel 
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differential speed calculating unit 40c. 

Thereafter, when moving to S107, the actual 

differential speed A© Ft between the left front wheel 14FL 
and the right front wheel 14FR according to the turning 
5 condition of the vehicle is compared with the control 

initiating differential speed Acqs at the control 
initiating condition determining unit 40g. In the event 

that the front wheel differential speed A©Ft is equal 
to or larger than the control initiating differential 

10 speed Aos, it is determined that there is occurring the 
shortage of the differential limiting torque between the 
left and right wheels and that the sufficient control 
is not being implemented by the front differential clutch 
27. A condition to implement the differential limiting 

15 control of the center differential is determined to have 
been established, and then advance to S108. 

Thus, when advancing to S108, the differential speed 
deviation eFt is calculated by using the equation (4) at 
the differential speed deviation calculating unit 40e, 

20 and advance to S109. 

In S109, an integral value of the differential speed 

deviation eFt or J(eFt)dt (where, the integral range is 
from 0 to t) is calculated at the first differential 
limiting torque calculating unit 40h, and then advance 
25 to S110, where the first differential limiting torque 
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TsmcFt is calculated at the front wheel first differential 
limiting toque calculating unit 40h. The differential 
limiting torque TsmcFt depends on the value of x that 
is calculated by using the equation (6) , and in the event 
5 of x>0, the differential limiting torque is given as 
TsmcFt=x, whereas in the event of x^O, the differential 
limiting torque is given as TsmcFt=0. 

Next, when advancing to Sill, the second 
differential limiting torque TpcFt is calculated at the 

10 second differential limiting torque is calculated at the 
second differential limiting torque calculating unit 4 0i. 
Specifically speaking, in the event that the differential 
speed deviation eFt is larger than 0, the second 
differential limiting torque is given as TpcFt=kpFt • eFt , 

15 whereas in the event that the differential speed deviation 
eFt is equal to or smaller than 0, the second differential 
limiting torque is given as TpcFt=0. 

On the other hand, in the event that the differential 
speed deviation eFt is determined to be smaller than the 

20 control initiating differential speed Acos through the 
determination carried out in S107, it is determined that 
the speed of the inside wheel does not exceed the speed 
of the outside wheel more than that of the permissible 
extent and that the sufficient control is being carried 

25 out by the front differential clutch 27. It is then 
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determined that the condition has not been established 
to implement the differential limiting control of the 
center differential in order to prevent the unnecessary 
involvement of the differential limiting control of the 
5 center differential, then advancing to S112. 

In S112, the differential limiting torque TsmcFt 
and the second differential limiting torque TpcFt are 
set at 0, and then advance to S113, where the integral 
value of the differential speed deviation eFt is reset. 

10 Thus, after the processes up to Sill have been 

completed to execute the differential limiting control 
of the center differential or the processes up to S113 
have been completed not to execute the differential 
limiting control of the center differential, advance to 

15 S114, where a differential limiting torque TlsdFt is 
calculated from the first differential limiting torque 
TsmcFt and the second differential limiting torque TpcFt 
by using the equation (7) at the differential limiting 
torque calculating unit 40j. Thus, S106 to S114 are the 

20 steps where the differential limiting torque TlsdFt is 
set on the basis of the information at the front 
differential clutch 27. 

Thereafter, advance to S115, where an actual 

differential speed Ao)Rr between the left rear wheel 14RL 
25 and the right rear wheel 14RR according to the turning 
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state of the vehicle is calculated by using any of the 
aforesaid equations (8), (9), (10) at the actual left 
and right wheel differential speed calculating unit 40k. 
Next, when advancing to S116, the actual 

5 differential speed AoRr between the left rear wheel 14RL 
and the right rear wheel 14RR according to the turning 
state of the vehicle is compared with the control 

initiating differential speed Acos at the control 
initiating condition determining unit 40m. In the event 

10 that the actual differential speed Aa>Rr on the rear wheel 
side is equal to or larger than the control initiating 

differential speed Acds, it is determined that there is 
occurring the shortage of the differential limiting torque 
between the left and right wheels and that the sufficient 
15 control is not being carried out by the rear differential 
clutch 23. The condition to implement the differential 
limiting control of the center differential is determined 
to have been established, then advancing to S117. 

Thus, when advancing to S117, the differential speed 

20 deviation eRr is calculated by using the equation (1) at 
the differential speed deviation calculating unit 401, 
and then advance to S118. 

In S118, an integral value of the differential speed 

deviation eRr or /(eRr)dt (where, the integral range is 
25 from 0 to t) is calculated at the first differential 
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limiting torque calculating unit 40n, and then advance 
to S119, where the first differential limiting torque 
TsmcRr is calculated at the first differential limiting 
toque calculating unit 40n. The differential limiting 
5 torque TsmcRr depends on the value of x calculated by 
using the equation (13), and in the event of x>0, the 
differential limiting torque is given as TsmcRr =x, whereas 

in the event of x^O, the differential limiting torque 
TsmcRr is given as TsmcRr=0. 

10 Next, when advancing to S120, the second 

differential limiting torque TpcRr is calculated at the 
second differential limiting torque is calculated at the 
second differential limiting torque calculating unit 4 Oo . 
Specifically speaking, in the event that the differential 

15 speed deviation 8Rr is larger than 0, the second 
differential limiting torque is given as TpcRr=kpRr • sRr , 
whereas in the event that the differential speed deviation 

sRr is equal to or smaller than 0, the second differential 
limiting torque is given as TpcRr=0. 

20 On the other hand, in the event that the differential 

speed deviation eRr is determined to be smaller than the 
control initiating differential speed Aos through the 
determination carried out in S116, it is determined that 
the speed of the inside wheel does not exceed the speed 

25 of the outside wheel more than that of the permissible 
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extent and that the sufficient control is being carried 
out by the rear differential clutch 23. It is then 
determined that the condition has not been established 
to implement the differential limiting control of the 
5 center differential in order to prevent the unnecessary 
involvement of the differential limiting control of the 
center differential, then advancing to S121. 

In S121, the differential limiting torque TsmcRr 
and the second differential limiting torque TpcRr are 

10 set at 0, and then advance to S122, where the integral 
value of the differential speed deviation sRr is reset. 

Thus, after the processes up to S120 have been 
completed to execute the differential limiting control 
of the center differential or the processes up to S123 

15 have been completed not to execute the differential 
limiting control of the center differential, advance to 
S123, where the differential limiting torque TlsdRr is 
calculated from the first differential limiting torque 
TsmcRr and the second differential limiting torque TpcRr 

20 by using the equation (14) at the differential limiting 
torque calculating unit 40p. Thus, S115 to S123 are steps 
where the differential limiting torque TlsdRr is set on 
the basis of the information at the rear differential 
clutch 23. 

25 Thereafter, advance to S124, where the differential 
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limiting torque TlsdFt by the front wheel and the 
differential limiting torque TlsdRr by the rear wheel 
side are compared with each other at the front and rear 
wheel differential torque calculating unit 40q. Alarger 
5 one of the differential limiting torques TlsdFt, TlsdRr 
is determined as a differential limiting torque Tlsd 
between the front and rear wheels . Then, advance to S125, 
where the differential limiting torque so determined is 
outputted to the center differential clutch driving unit 

10 41 and exit the program. 

Thus, according to the present invention, for 
example, when the grip of the inside wheel has reached 
to the limit and the inside wheel attempts to spin during 
the sporty running (the accelerator pedal is depressed 

15 while turning. The driving torque is shifted to the 
outside wheel by the mechanical differential limiting 
control between the left and right wheels, whereby a yaw 
moment of the front the vehicle toward the turning 
direction is generated. As this occurs, with the 

20 sufficient differential limiting torque between the left 
and right wheels, the differential limiting of the center 
differential is not executed, and therefore there is no 
risk that the differential control of the center 
differential interferes unnecessarily. On the other 

25 hand, with an insufficient differential limiting torque 
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between the left and right wheels , the inside wheel rotates 
much faster than the outside wheels, and the traction 
performance and the cornering per f ormance are both reduced, 
but the exceeding driving torque is shifted to the other 
5 driving shaft so as to improve both the traction 
performance and the cornering performance by executing 
the differential limiting control of the center 
differential when the faster rotation of the inside wheel 
is detected. In addition, since the speed of the inside 

10 wheel is lower than that of the outside wheel in a normal 
turning condition, the differential limiting control of 
the center differential is not executed to thereby avoid 
a tight corner braking phenomenon. 

In addition, while the embodiment has been described 

15 as being applied to the vehicle having the differential 
limiting mechanism both on the front and rear wheel sides, 
it goes without saying that the present invention can 
also be applied to the vehicle having the differential 
limiting mechanism either on the front or rear sides. 

20 Thus, as has been described heretofore, in the four 

wheel drive vehicle having the differential limiting 
mechanism at least on either one of the front or rear 
wheel side, the unnecessary spin of the inside wheel can 
be prevented and the tight corner braking phenomenon 

25 occurring when the vehicle is steered largely at a low 
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speed can be avoided, while exhibiting the maximum 
turnability of the front portion of the vehicle by the 
differential limiting control between the left and right 
wheels at the time of the sporty running. 
5 The disclosure of Japanese Patent Application No. 

2002-230432 filed on August 7, 2002 including the 
specification, drawings and abstract is incorporated 
herein by reference in its entirety. 

While the presently preferred embodiments of the 
10 present invention have been shown and described, it is 
to be understood that these disclosures are for the purpose 
of illustration and that various changes and modifications 
may be made without departing from the scope of the present 
invention as set forth in the appended claims. 

15 
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